Volume 11

Number 3

pp. 14-22

1985

Reprinted Article

Dentoskeletal and Tongue Soft-Tissue Correlates: A
Cephalometric Analysis of Rest Position
Alan A. Lowe (University of British Columbia)
Kenji Takada (Osaka University)
Yoshiaki Yamagata (Osaka University)
Mamoru Sakuda (Osaka University)

Suggested Citation
Lowe, A. A., et al. (1985). Dentoskeletal and Tongue Soft-Tissue Correlates: A Cephalometric Analysis of Rest
Position. International Journal of Orofacial Myology, 11(3), 14-22.
DOI: https://doi.org/10.52010/ijom.1985.11.3.3

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.
The views expressed in this article are those of the authors and do
not necessarily reflect the policies or positions of the International
Association of Orofacial Myology (IAOM). Identification of specific
products, programs, or equipment does not constitute or imply
endorsement by the authors or the IAOM. The journal in which this
article appears is hosted on Digital Commons, an Elsevier
platform.

Dentoskeletal and Tongue Soft-Tissue Correlates:
A Cephalometric Analysis of Rest Position
Alan A. Lowe, D.M.D., Ph.D., F.R.C.D.(C),* Kenji Takada, D.D.S., D.D.S.,**
Yoshiaki Tamagata, B. Econ., D.D.S.,***, Mamoru Sakuda, D.D.S., D.D.Sc.****
Reprinted by permission of The C.V. Mosby Co. from
American Journal of Orthodontics, October 1985.

·,

The relationship between dentoskeletal and tongue soft-tissue variables has been quantified in a sample of 60
adult females with normal and anterior open-bite malocclusions. Three lateral rest-position head films were
obtained for each subject. A principal component analysis reduced the data base and six significant canonical
correlations were identified. The first canonical correlation (r, = 0.962) represented a size-related correlation
factor between the two groups of variables. Subjects with characteristics of a short face syndrome and some
evidence of overbite had tongue tips positioned below the lower occlusal plane (r2 = 0.929). In contrast, skeletal
open-bite subjects (r. = 0.759) revealed tongue tips ahead of and above the lower incisor teeth with the
mandible in the rest position. Undererupted mandibular teeth (r5 = 0.666) were associated with a reduced tongue
height and an inferior epiglottis; short tongue length (r6 = 0.563) correlated with a linear combination of upright
central incisors, a small overjet, a low ANS angle, unerupted maxillary and mandibular teeth, and a steep occlusal
plane. The multivariate statistical analysis extracted clinically significant associations between tongue soft-tissue
and dentoskeletal variables. Tongue posture at rest in skeletal open-bite subjects appeared to be related to
incisor position. (AM J ORTHOD 88: 333-341, 1985.)

Numerous studies 1 · 1•12· •22 have evaluated
the interaction between the volume and position of the
tongue and craniofacial morphology. Genioglossus
muscle activity reveals a lower threshold in response to
jaw-opening in anterior open-bite subjects 7; correlations
with an open bite and unerupted upper and lower in
cisors have been documented.6 It appears that the lower
threshold for the tongue musculature in open-bite sub
jects may reflect a predisposition to a forward tongue
posture with mandibular rotations of 0.5 to 3 .0 mm that
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are within the range of normal freeway space. 2 Fur
thermore, it has been suggested7 that this forward
tongue posture may be sufficient to prevent vertical
eruption of the anterior teeth and thus result in an an
terior open-bite malocclusion. On the basis of studies
of tongue and lip pressure, previous reports 13 · have
suggested that �the pressures created at rest may have
an influence on dental arch form and tooch position.
However, a multivariate evaluation of the interaction
between tongue soft-tissue variables at rest and den
toskeletal variables has not been completed.
The purpose of this study was to document the re
lationship between tongue muscle parameters at rest and
craniofacial morphology in adult human subjects with
normal and anterior open-bite malocclusions. In addi
tion, the study was designed to reduce the number of
cephalometric variables by a principal component anal
ysis and to test, on the pooled data base, for significant
canonical correlations. Clarification of the relationship
between tongue posture and craniofacial morphology
could permit the development of revised postulates re
garding tongue malfunction and a better rationale for
the treatment of open-bite malocclusions.
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Table I. P rincipal component analysis of variables
Linear combination

Correlation coefficient

[Ul/PP + U6/PP]
[LI/MP + L6/MP]
[SNMP + PPMP + GoA]

0.551
0.647
0.895 SNMP vs. PPMP
0.727 SNMP vs. GoA
0.784 PPMP vs. GoA
0.750 UPW, vs. MPW,
0.650 UPW, VS. LPW,
0.730 MPW, vs. LPW,

[UPW, + MPW, + LPW,]

Proportion of variance
explained by first P.C.(%)
82.3
81.6
80.7
82.6

Four linear combinations accounted for more than 75% of the total variance. They were identified by means of a principal component analysis.
The respective correlation coefficient and proportion of variance explained by each principal component are provided.

UTA (mm') = UPPER TONGUE AREA. An area defined 1:,y the
limits of E, TT, and the dorsum of the tongue.
TOA (mm') = TOTAL ORAL AREA. An area defined by the
limits of upper incisor tips, PNS, UPW, MPW, LPW, E,
H , Me, and lower incisor tip.
AOA (mm') = ANTERIOR ORAL AREA. An area defined by the
limits of upper incisor tip, PNS, E, H, Me, and lower
incisor tip.
HNS (0) = HYOID ANGLE. The angle formed between the SN
plane and H point on the anterior curvature of the hyoid
bone.
UPW (mrri) = UPPER PHARYNGEAL WALL. A point on the pos
terior pharyngeal wall identified by an extension of the
palatal ( ANS-PNS) plane.
MPW (mm) = MIDDLE PHARYNGEAL WALL. A point on the
posterior pharyngeal wall identified by an extension of
the LOP.
LPW (mm) = LOW ER PHARYNGEAL WALL. A· point on the
posterior pharyngeal wall identified by an extension of a
line through E drawn parallel to the SN plane.

To facilitate the statistical analysis, the number of
variables was reduced. A principal component analy
sis 18 was applied to the 29 original variables and a new
set of 23 variables (which included four linear com
binations) was used for the multivariate analysis. Ca
nonical correlation analysis8 ·18 was selected because the
complexity of the interrelationships under study could
not readily be examined by univariate means. Canonical
correlations were determined for the data matrix of the
pooled sample of 60 subjects. All original values in the
raw data matrix were normalized to determine the prin
cipal components and the canonical correlations. A ca
nonical correlation analysis is an appropriate tool to
describe and summarize the dependence between den
toskeletal and tongue soft-tissue factors because the
dependence between the two sets of variables can be
summarized in the correlation between the pair of ca
nonical variables. 8· 18 If none of the canonical variables
are significant, there is no linear combination of vari-

ables in the first group that is significantly correlated
with a linear combination of variables in the second
group. If there is a lot of interdependency between the
two groups of variables, several canonical variables
may be needed to express this interdependency. 8 Ca
nonical variables can be interpreted by an evaluation of
the canonical variable loadings that are the correlations
of the original variables with the canonical variables.
To keep the overall significance level at 5%, the sig
nificance level of each individual correlation must be
adjusted to Sim% where m is the number of correlations
being. considered. 18 This stringent test was adopted to
determine the significance level of the canonical vari
able loadings in the present study.
RESULTS

The original 29 variables were reduced to 23 by a
principal component analysis. Four linear combinations
were identified (Table I). In addition, the correlation
coefficients between the original variables and the pro
portion of variance explained by the first principal com
ponents are provided. For example, the three variables
of SNMP, RPMP, and GoA were replaced by a linear
combination since the first principal component ex
plained 80. 7% of the total variance. The variables de
noted by [ ] represent new linear combination vari
ables; the remaining variables were not combined.
A prnltivariate analysis was completed to determine
if canonical correlations between linear combinations
of variables in the dentoskeletal and tongue soft-tissue
groups could be identified. All original values in the
raw data matrix were normalized in terms of standard
scores to determine the principal components and ca
nonical correlations. Separate canonical correlations
were evaluated for the pooled sample of 60 subjects for
the 11 dentoskeletal and 12 tongue soft-tissue variables.
Six significant canonical correlations were identified
(Table II). Bartlett's test indicated the number of the
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